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This is the first study to use a high-throughput metagenomic shotgun approach to explore the biosynthetic potential of soil met-
agenomes from different pristine environments of northwest Argentina. Our data sets characterize these metagenomes and pro-
vide information on the possible effect these ecosystems have on their diversity and biosynthetic potential.
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Soil microbiota produce many of the most important pharma-ceutical drugs, including antibiotics and cancer drugs (1).
Nevertheless, the traditional approach for characterizing the bio-
synthetic capacity of environmental bacteria, i.e., culturing them
in the laboratory, has provided access to only a small fraction of
this potential (2, 3). Recent analyses of soil microbiomes from
around the world revealed a vastly unexplored biosynthetic diver-
sity which was associated with soil types (4–7). In general, arid
soils showed the richest biosynthetic diversity (5) and, similarly,
bacterial diversity was highest in neutral soils (generally arid and
semiarid ecosystems) and lower in acidic soils (generally tropical
forest ecosystems) (7).The purpose of this study was to character-
ize soil metagenomes from different pristine environments us-
ing a metagenomic shotgun approach, giving special emphasis
to the biosynthetic potential of each soil type. For this, four soil
samples collected in northwest (NW) Argentina were analyzed.
Sampling sites were chosen at different altitudes from the Yun-
gas (YU) and Argentine Northwest Monte and Thistle of the
Prepuna (NWMT) regions, with soils of varying pHs, namely:
1) YU (Montane Forest District) at 1,500 m above sea level
(MASL) in Tafí del Valle (Tucumán, Argentina) (named Soil_TV;
S27°01.123=; W65°39.807=; pH 5.35); 2) YU (Montane Cloud-
forest District) at 850 MASL in Rosario de la Frontera (Salta, Ar-
gentina) (Soil_RF; S25°50.143= W64°55.524=; pH 8.01); 3)
NWMT at 1,600 MASL in Cafayate (Salta) (Soil_CA; S26°03.885=
W65°56.506=; pH 7.05); and 4) NWMT at 1,600 MASL in Que-
brada de las Conchas (Cafayate Department, Salta) (Soil_QC;
S26°01.123= W65°49.429=; pH 8.92). For the extraction of DNA,
the three samples that contained more organic material (Soil_TV,
Soil_RF, and Soil_CA) were processed with the QIAamp stool
minikit (Qiagen), whereas Soil_QC was processed according to
reference 8, treated with RNase (Invitrogen), and precipitated
with LiCl and ethanol. High-throughput pyrosequencing of the
samples was performed using a Roche GS FLX (Macrogen, Inc.,
South Korea), yielding ~1.15 Gb of metagenomic reads with
lengths of 40 to 1,074 bases (nt) (520 nt average).
Raw sequence reads were trimmed using a custom application
for removing nucleotides derived from the amplification primers
(9, 10), and then processed with CD-HIT-454 (11). The nonre-
dundant protein sequence NCBI database (DB:nr) was down-
loaded locally, and RAPSearch2 (12) was used to perform the pro-
tein homology search of the trimmed clustered reads against DB:
nr. The taxonomic and functional content of the data sets was then
analyzed with MEGAN (13, 14). Metagenomes consisted of 65.6%
to 61.5% bacteria, 1.9% to 0.36% archaea, 1.6% to 0.17% eu-
karyota, and 0.1% to 0.01% viruses. Statistical analysis (P, 0.05,
Fisher’s exact test [15]) indicated significant differences between
all samples. Diversity (Shannon-Weaver index) was highest in
Soil_CA, followed by Soil_RF and Soil_TV, whereas Soil_QC
showed the lowest diversity.
This is the first study to use a metagenomic shotgun approach
to generate soil metagenome data sets from different pristine en-
vironments of NW Argentina. These data sets indicate the pres-
ence of bacteria, archaea, eukaryota, and viruses in all the samples
and provide information on the potential effects of ecosystem
types (including pH and altitude) on the composition, diversity,
and biosynthetic potential of these soil metagenomes.
Nucleotide sequence accession numbers. Nucleotide se-
quences were submitted to the NCBI Sequence Read Archive
(SRA) under the accession numbers SRX1058163, SRX1058164,
SRX1058165 and SRX1058166.
ACKNOWLEDGMENTS
This research was supported by Agencia Nacional de Promoción Cientí-
fica y Tecnológica (ANPCyT) (PICT PRH 112), Consejo Nacional de
Investigaciones Científicas y Técnicas (CONICET) (PIP 0294), and Uni-
versidad Nacional del Noroeste de la Provincia de Buenos Aires (UN-
NOBA) (Exp. 1388/2010 and Exp. 2581/2012) grants to C.B.M.
crossmark
Genome AnnouncementsJuly/August 2015 Volume 3 Issue 4 e00926-15 genomea.asm.org 1
 on Septem
ber 4, 2019 by guest
http://m
ra.asm
.org/
D
ow
nloaded from
 
We gratefully acknowledge Eduardo Virla, who donated his time to
help with soil sample collection.
C.B.M. is a member of the CONICET research career. D.I.C. was the
recipient of an ANPCyT-UNNOBA fellowship when she participated in
this work.
REFERENCES
1. Cragg GM, Newman DJ. 2013. Natural products: a continuing source of
novel drug leads. Biochim Biophys Acta 1830:3670 –3695. http://
dx.doi.org/10.1016/j.bbagen.2013.02.008.
2. Rappé MS, Giovannoni SJ. 2003. The uncultured microbial majority.
Annu Rev Microbiol 57:369 –394. http://dx.doi.org/10.1146/ annurev.mi-
cro.57.030502.090759.
3. Gilbert JA, Dupont CL. 2011. Microbial metagenomics: beyond the ge-
nome. Annu Rev Mar Sci 3:347–371. http://dx.doi.org/10.1146/annurev
-marine-120709-142811.
4. Reddy BV, Kallifidas D, Kim JH, Charlop-Powers Z, Feng Z, Brady SF.
2012. Natural product biosynthetic gene diversity in geographically dis-
tinct soil microbiomes. Appl Environ Microbiol 78:3744 –3752. http://
dx.doi.org/10.1128/AEM.00102-12.
5. Charlop-Powers Z, Owen JG, Reddy BV, Ternei MA, Brady SF. 2014.
Chemical-biogeographic survey of secondary metabolism in soil. Proc
Natl Acad Sci U S A 111:3757–3762. http://dx.doi.org/10.1073/
pnas.1318021111.
6. Charlop-Powers Z, Owen JG, Reddy BV, Ternei MA, Guimarães DO, de
Frias UA, Pupo MT, Seepe P, Feng Z, Brady SF. 2015. Global biogeo-
graphic sampling of bacterial secondary metabolism. Elife 4:e05048.
http://dx.doi.org/10.7554/eLife.05048.
7. Fierer N, Jackson RB. 2006. The diversity and biogeography of soil bac-
terial communities. Proc Natl Acad Sci U S A 103:626 – 631. http://
dx.doi.org/10.1073/pnas.0507535103.
8. Aldrich J, Cullis CA. 1993. RAPD analysis in flax: optimization of yield
and reproducibility using klen Taq1 DNA polymerase, Chelex 100, and gel
purification of genomic DNA. Plant Mol Biol Rep 11:128 –141. http://
dx.doi.org/10.1007/BF02670471.
9. McCarthy CB, Diambra LA, Rivera Pomar RV. 2011. Metagenomic
analysis of taxa associated with Lutzomyia longipalpis, vector of visceral
leishmaniasis, using an unbiased high-throughput approach. PLoS Negl
Trop Dis 5:e1304. http://dx.doi.org/10.1371/journal.pntd.0001304.
10. McCarthy CB, Santini MS, Pimenta PF, Diambra LA. 2013. First com-
parative transcriptomic analysis of wild adult male and female Lutzomyia
longipalpis, vector of visceral leishmaniasis. PLoS One 8:e58645. http://
dx.doi.org/10.1371/journal.pone.0058645.
11. Niu B, Fu L, Sun S, Li W. 2010. Artificial and natural duplicates in
pyrosequencing reads of metagenomic data. BMC Bioinformatics 11:187.
http://dx.doi.org/10.1186/1471-2105-11-187.
12. Zhao Y, Tang H, Ye Y. 2012. RAPSearch2: a fast and memory-efficient
protein similarity search tool for next-generation sequencing data. Bioin-
formatics 28:125–126. http://dx.doi.org/10.1093/bioinformatics/btr595.
13. Huson DH, Auch AF, Qi J, Schuster SC. 2007. MEGAN analysis of
metagenomic data. Genome Res 17:377–386. http://dx.doi.org/10.1101/
gr.5969107.
14. Huson DH, Mitra S, Ruscheweyh HJ, Weber N, Schuster SC. 2011.
Integrative analysis of environmental sequences using MEGAN4. Genome
Res 21:1552–1560. http://dx.doi.org/10.1101/gr.120618.111.
15. Fisher R. 1970, Statistical methods for research workers, p 96. 14th ed.
Hafner Publishing, New York, NY.
McCarthy and Colman
Genome Announcements2 genomea.asm.org July/August 2015 Volume 3 Issue 4 e00926-15
 on Septem
ber 4, 2019 by guest
http://m
ra.asm
.org/
D
ow
nloaded from
 
